Chronic African trypanosome infections of humans and other animals are accompanied by numerous aberrations in functions of the immune system. Some of the immunological dysfunctions occurring during the disease are a marked elevation of immunoglobulin M (IgM) levels in the serum and other body fluids (12, 21) , the production of free immunoglobulin light chains (9) , a spontaneous rise in heterophile IgM antibodies specific for antigens such as xenogeneic erythrocytes and bacterial lipopolysaccharide (LPS; 11, 12, 23) , the presence of an IgM rheumatoid factor-like antibody (12, 15) , and the production of IgM autoantibodies specific for normal tissue antigens (17, 18, 24) . Furthermore, suppression of both B and T lymphocyte functions is reported (7, 20, 22, 23, 25) .
Although there is no question that immune system dysfunction accompanies chronic African trypanosomiasis, there is a question as to the underlying cellular mechanism(s) responsible for the observed abnormalities. One theory is that a trypanosome-derived B lymphocyte mitogen is responsible for the polyclonal B lymphocyte responses occurring during the disease and, possibly, for the ultimate suppression of B lymphocyte responses (8, 25) . Proof of the existence of such a trypanosomal mitogen would have enormous implications not only for understanding the basis of immune system dysfunction accompanying the disease, but also for understanding the evolution of chronic African trypanosomiasis as a disease. We therefore initiated the present study in order to test the hypothesis that a B lymphocyte mitogen is associated with African trypanosomes.
MATERIALS AND METHODS Experimental animals. Inbred C57BL/6 male or BALB/c male mice (18 to 20 g), Sprague-Dawley male rats (0.4 kg; Sprague-Dawley, Inc., Madison, Wis.), Hartley male albino guinea pigs (0.6 kg), and adult male New Zealand white rabbits (3 kg) were used in the present experiments.
Trypanosomes. Liquid nitrogen-preserved stabilites of Trypanosoma brucei (Yaeger strain) and Trypanosoma congolense (Wellcome strain FN and a strain received from CIBA) were used in this study. These organisms, which cause an acute fulminating infection in rats and mice, were injected into these animals to expand the parasite stocks. Approximately 106 trypanosomes were injected intraperitoneally; blood from terminally infected animals with high parasitemias was collected and passed over diethylaminoethyl-cellulose columns (16) harvest parasite suspensions free of any cellular blood elements. Subsequent to column passage, trypanosomes were washed three times by centrifugation (600 x g) in sterile, chilled phosphate-buffered saline, pH 7.2, containing 50 jAg of gentamicin per ml; after the final wash, the packed parasites were resuspended in eight volumes of phosphate-buffered saline and mechanically disrupted by four cycles of rapid freeze-thawing. The resultant trypanosome extracts (TE) were repeatedly forced through a 27-gauge needle in order to reduce the size of membrane fragments. Since any contamination of TE by bacteria or bacterial products could influence the results of the planned experiments, portions of all preparations were tested for sterility by incubation in bacteriological growth media. Protein determinations of TE were done by using a combination of the standard biuret and ultraviolet absorption techniques. All parasite preparations were stored in the frozen state until used.
Cell cultures. Spleens were aseptically removed from normal animals. Spleen cell suspensions were prepared by gently teasing the organs apart in chilled phosphate-buffered saline and subsequently removing cell clumps and debris by sedimentation at 1 x g; the resultant single-cell suspensions were washed by centrifugation (400 x g) prior to reconstitution in complete culture medium (RPMI-1640, pH 7.2, with 5 to 10%/ fetal calf serum and 50 Mg of gentamicin per ml added). Peripheral blood lymphocytes were harvested from rabbit blood by a modification of the Hypaque-Ficoll technique, as we have previously reported (19) ,Mg/culture. At the end of the culture period, spleen cells were harvested from plates using a rubber policeman and were assessed for viability by standard eosin dye exclusion techniques. The presence of spleen cells secreting antibody specific for SRBC was evaluated by the Kennedy and Axelrad (14) plaque-forming cell assay in which a SRBC monolayer is coupled to Falcon plates (60 by 15 mm) with poly-L-lysine; spleen cells in PBS containing guinea pig serum as a source of complement are plated over the target cell monolayer. Plaques are enumerated macroscopically after a 1-h incubation period at 370C.
Analysis of data. All results were tested for significance by Student's t test.
RESULTS
Stimulation of rabbit lymphocytes in vitro by TE. Rabbit spleen cells and peripheral blood lymphocytes were stimulated in vitro by the addition of TE to cultures (Fig. 1) (Fig. 3) ; in con- (8, 23, 25) .
Results presented here demonstrate that extracts (TE) prepared from strains of T. brucei and T. congolense are mitogenic for normal rabbit lymphocytes in vitro. Although the level of stimulation of rabbit cells by TE is much less than that produced by PHA, a T-cell mitogen, the maximum level of TE stimulation is essentially the same as that obtained with GARIG, which is mitogenic for immunoglobulin-bearing (B) rabbit lymphocytes. Also, when TE was coincubated with either PHA or GARIG, there was an additive mitogenic effect of TE only with PHA, similar to the additive mitogenic effects obtained when PHA and GARIG are coon August 14, 2017 by guest http://iai.asm.org/ Downloaded from incubated (unpublished observations). These findings suggest that TE stimulate a non-PHAresponsive population of cells to undergo deoxyribonucleic acid synthesis; possibly, the responding population may be composed of B cells, although there is no conclusive evidence for this at present. Attempts are currently being made to assess the ability of TE to induce polyclonal antibody synthesis in rabbit spleen cell cultures.
Whereas TE used in the present study are mitogenic for rabbit lymphocytes in vitro, TE exhibited no mitogenic properties for normal mouse lymphocytes in vitro. Since some polyclonal B cell activators may induce B cells to directly differentiate to plasma cells without undergoing deoxyribonucleic acid synthesis (3), mouse spleen cell cultures were tested with TE as well as a known B cell activator (LPS) or specific antigen (SRBC) for induction of plasma cell production. In the Mishel-Dutton system, TE failed to exhibit any characteristics of a polyclonal B cell activator for mouse cells. Furthermore, TE did not alter the mitogenic responses of mouse spleen cells to PHA or LPS. Similar to the lack of TE effects on mouse lymphocytes in vitro, TE failed to stimulate normal rat or guinea pig lymphocyte cultures.
During the tenure of the present study, Esuruoso (4) reported that extracts of strain TREU 226 of T. brucei were mitogenic for normal mouse spleen cells in vitro. Further tion) have found that extracts of T. rhodesiense (EATRO 1886) are weakly mitogenic for normal mouse lymphocytes. These findings, with which our data are in conflict, raise the possibility that mitogenic capability of TE may vary with the strain or species of the parasite tested and that trypanosome-induced mitogenesis may not be a universal phenomenon for all animals. In our study, there seems to be an association between mitogenic effects of TE for an animal's lymphocytes and the ability of the parasites to cause a chronic, as opposed to acute or subacute, infection in those animals; rabbits infected with the trypanosomes used here undergo infections lasting several months, whereas mice, rats, and guinea pigs undergo infections lasting for several days (mice, rats) or weeks (guinea pigs). Further tests with TE will be necessary to see whether this relationship exists for other trypanosome species and strains.
Immunosuppression is closely associated with chronic African trypanosomiasis. Whether a trypanosome-associated mitogen plays a significant role in the immunosuppression as well as in the spontaneous polyclonal B cell responses remains to be determined. Greenwood (8) and others (23, 25) have postulated that a trypanosomal B cell mitogen stimulates B cell clones to undergo differentiation into plasma cells, thus resulting not only in unregulated clonal expansion and secretion of immunoglobulins with numerous specificities but also in clonal exhaustion or paralysis so that the induction of specific antibody responses is severely depressed.
Although there is now preliminary evidence for a trypanosome mitogen, there is also evidence that argues against this mitogen being solely responsible for the lymphocyte dysfunctions occurring in African trypanosomiasis. For example, the normal regulatory functions of T cell subpopulations (1, 5, 13) No definitive studies have yet been performed on T-independent B cell responses in chronic African trypanosomiasis; until such studies are completed the existence of an intrinsic B lymphocyte defect should also be considered with reference to macrophage cells, which are also important participants in immune responses, several studies suggest that these cells are not impaired in function during trypanosomiasis (6, 22) .
In summary, extracts of T. brucei and T. congolense were found to be mitogenic in vitro for lymphocytes from normal rabbits but not for the lymphocytes of mice, rats, or guinea pigs. The effects of a trypanosome-associated B cell mitogen, in cooperation with loss of T cell regulatory mechanisms, are suggested as being responsible for numerous aspects of immune system dysfunction occurring during chronic African trypanosomiasis.
